Abstract
breast and ovarian cancer [11, 12] . There is definite evidence that prostate cancer risk is increased in BRCA1 and BRCA2 mutation carriers ascertained by a family history of breast cancer [13] . BRCA1 mutation carriers increase the risk of prostate cancer in men aged < 65 years by 3.8-fold, and germline mutations in the BRCA2 gene increase prostate cancer risk by 8.6-fold [14, 15] . The mutation status of BRCA1/BRCA2 is closely related to the degree of prostate invasion, earlier death, and shorter survival time [15] [16] [17] . Moreover, previous observational studies have also reported that family history of breast cancer in firstdegree relatives is associated with prostate cancer, including lethal prostate cancer [18, 19] .
Recently, controversy came from several large-scale, high-quality analyses that attempted to analyse whether there was a correlation between the first-degree family history of female breast cancer and risk of prostate cancer. To better understand this issue, we performed a systematic review with meta-analysis of published literature that investigated the association between first-degree family history of female breast cancer and risk of prostate cancer.
Methods

Literature search and selection criteria
A systematic search in MEDLINE, Embase, and Web of Science was performed from the earliest publication date available until December 31, 2018 . Additional studies were searched by checking the reference lists of relevant studies. The following search terms were used: '(prostate cancer OR prostate carcinoma OR prostate neoplasm) AND (breast cancer OR breast carcinoma OR breast neoplasm) AND (family history)'.
Studies were considered eligible if they (1) were published in the English language; (2) had full text available; (3) evaluated the relationship between first-degree family history of female breast cancer and prostate cancer risk; (4) provided risk estimates with confidence intervals (CIs) or available data to calculate these associations; 
Data extraction and quality assessment
Two investigators independently extracted data using a standard data collection form. The data extracted from each study included the following: first author, publication year, study design, country of the study population, sample size, reported primary outcome, follow-up duration, hazard ratio or odds ratio, and relative risk and 95% confidence intervals (CIs) with and without adjustment and adjustment factors. Two independent reviewers evaluated the quality of the included studies according to the Newcastle-Ottawa scale (NOS) [20] . The scale uses a 'star' rating system (maximum nine stars) to assess the quality of case-control and cohort studies including three aspects: selection of participants, comparability of study groups, and ascertainment of outcomes of interest [20] . If the study scored nine stars, it was considered to be of high quality. Studies with a score of seven or eight stars were considered to be of medium quality. However, if a study scored less than seven stars, it was considered to be of low quality. Any discrepancies in opinions were resolved by discussion with a third author. 
Grading the quality of evidence
The quality of evidence for outcomes was evaluated by two investigators independently using GRADEpro Guideline Development Tool (McMaster University, 2015, developed by Evidence Prime Inc., Hamilton, Canada; https://gradepro.org/). The quality of evidence was evaluated according to risk of bias, inconsistency, indirectness, imprecision of the results, and publication bias. The quality of evidence for the main outcome was classified into four grades: very low, low, moderate, and high.
Statistical analysis
The primary outcome was relative risks for prostate cancer incidence. Subgroup analyses of the primary outcome were conducted based on the study design, region, and quality (adjustment vs no adjustment). For each study, risk ratio for prostate cancer with the 95% CI was computed. The random effects model was used to compute the pooled risk ratio. Heterogeneity between studies was evaluated using the chi-square-based Q test and I 2 metric. If P < 0.10 and I 2 > 50%, the heterogeneity was considered statistically significant. The significance of the summary RR was assessed using the Z-test, and a Pvalue < 0.05 was considered as statistically significant. A sensitivity analysis was conducted to evaluate the stability of the results by excluding individual studies each time. Funnel plots and Begg's and Egger's tests were used to investigate the potential publication bias. All statistical analyses were conducted using Stata software version 12.0 (Stata Corporation, College Station, Texas, USA).
Results
Retrieved studies and characteristics
The systematic search of articles published before December 31, 2018, identified 1554 articles. After screening titles and abstracts, we obtained 61 study reports for full-text review. After a full-text review, we finally included 18 published reports comprising 17,004,892 individuals for analysis [19, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] (Fig. 1) . Overall, six were cohort studies, 11 were case-control studies, and one was a cross-sectional study. Ten of these studies were based in America, 5 in Europe, and 3 in Asia. A history of breast cancer in first-degree relatives was reported in 13 studies, in mothers only in 11 studies, and in sisters only in 10 studies. The articles were published between 1992 and 2018. The detailed characteristics of all included studies are shown in Table 1 . The quality of studies based on the NOS score is presented in Table 2 . Most studies were of medium to high quality (score ≥ 7). Six case-control studies were of low quality.
Associations between family history of breast cancer and risk of prostate cancer
Eighteen studies with 17,004,892 individuals in total evaluated the association between family history of breast cancer and risk of prostate cancer. Of these, 13 studies with a total of 16,971,728 individuals evaluated the association between family history of female breast (Fig. 2) , with moderate-quality evidence (Table 3) . This increased risk with family history of female breast cancer persisted in studies that adjusted for potential confounders (adjusted RR, 1.17; 95% CI, 1.10-1.24; I 2 = 25.30%) ( Table 4 ). When we stratified our analysis by study design, a significantly increased association was observed in the pooled cohort studies (RR, 1.17; 95% CI, 1.10-1.25; I 2 = 48.90%) and pooled case-control studies (RR, 1.23; 95% CI, 1.14-1.33; I 2 = 0.00%) ( Table 4) . Subgroup analyses based on the study region showed that a family history of female breast cancer was significantly associated with prostate cancer risk in America, Europe, and Asia (Table 4) . Moreover, this increased prostate cancer risk was not observed in first-degree relatives with a breast cancer diagnosis at age < 50 years (RR = 1.40, 95% CI = 0.99-1.98, I 2 = 40.00%) and ≥ 50 (RR = 1.06, 95% CI = 0.83-1.37, I 2 = 45.00%) ( Table 4) .
A history of breast cancer in mothers only was reported in 11 studies (614,712 participants). A family history of breast cancer in mothers only was associated with prostate cancer incidence (RR = 1.19, 95% CI = 1.10-1.28, I 2 = 0.00%) with moderate-quality evidence (Fig. 3, Table 3 ). This increased risk with family history of breast cancer persisted in studies that adjusted for potential confounders (adjusted RR, 1.19; 95% CI, 1.10-1.28; I 2 = 0.10%) ( Table 4 ). When we stratified our analysis by study design, there was a statistically significant increased association in the five pooled cohort studies (RR, 1.21; 95% CI, 1.11-1.31; I 2 = 0.00%), but no association between history of breast cancer in mothers only and prostate cancer risk was observed in the five pooled case-control studies (RR = 1.14, 95% CI = 0.85-1.54, I 2 = 7.30%) ( Table 4) . Subgroup analyses based on the study region showed that a statistically significant increased association between history of breast cancer in mothers only and prostate cancer risk was observed in America, but not in Europe and Asia (Table 4) .
A history of breast cancer in sisters only was reported in 10 studies (613,556 participants). A family history of breast cancer in sisters was associated with prostate cancer (RR =1.25, 95% CI = 1.09-1.44, I 2 = 43.00%) with moderate-quality evidence (Fig. 3, Table 3 ). This Table 4) . Subgroup analyses based on the study design showed that a consistent result was observed in the pooled cohort studies (RR, 1.15; 95% CI, 1.04-1.28; I 2 = 8.40%) and pooled case-control studies (RR, 1.75; 95% CI, 1.14-2.70; I 2 = 50.00%) ( Table 4 ). When we stratified our analysis by the study region, there was a statistically significant association in America, but no association between history of breast cancer in sisters only and prostate cancer risk in Europe and Asia (Table 4) .
A history of breast cancer in daughters only was reported in 4 studies (32,432 participants). A family history of breast cancer in daughters only was not associated with prostate cancer (RR = 1.74, 95% CI = 0.74-4.12, I 2 = 43.70%) with moderate-quality evidence (Fig. 3, Table 3 ). Similarly, no increased risk with family history of breast cancer in daughters only was observed in studies that adjusted for potential confounders (RR, 3.66; 95% CI, 0.26-52.14; I 2 = 75.30%) ( Table 4) . Subgroup analyses based on the study design showed that a statistically significant increased association between history of breast cancer in daughters only and prostate cancer risk was observed in cohort studies, but not in case-control studies (Table 4) . When we stratified our analysis by study region, no significant association was observed in America, Europe, and Asia (Table 4) .
Associations between family history of female breast cancer and risk of lethal prostate cancer
Two studies, including a total of 517,804 individuals, evaluated the association between family history of female breast cancer and risk of lethal prostate cancer. There was no significant heterogeneity among the studies (I 2 = 0.00%). The increased risk of lethal prostate cancer was observed in individuals with family history of female breast cancer in first-degree relatives and in mothers only; however, no association was found between family history of breast cancer in sisters only and risk of lethal prostate cancer, with low-quality evidence (Fig. 4) .
Sensitivity analysis and publication bias
A sensitivity analysis was conducted for prostate cancer risk by excluding individual studies each time, and the results showed no individual study influenced the overall RRs (Fig. 5) , indicating the results of this meta-analysis are relatively stable. Some publication bias for the history of breast cancer in sisters only was observed in the results based on Egger's tests (P = 0.037) and funnel plots (Table 5 , Fig. 6 ). No publication bias was observed based on visual inspection of funnel plots or Begg's and Egger's test for history of female breast cancer in firstdegree relatives and mothers only (Table 5 , Fig. 6 ).
Discussion
Eighteen studies involving 17,004,892 participants met the inclusion criteria and were eventually included in our meta-analysis. The findings of this review suggest that prostate cancer risk was increased in individuals with a family history of female breast cancer in first-degree relatives, in mothers only and sisters only. Importantly, we observed increased lethal prostate cancer risks in individuals with family history of female breast cancer in first-degree relatives and mothers only, but not in sisters only. These findings are of great significance because the underlying pathogenesis of prostate cancer is still unknown and may help in screening, earlier diagnosis, and management of prostate cancer. Prostate cancer pathogenesis includes both heritable and environmental causation [38] [39] [40] . Family history was one of the most important factors in prostate cancer [41, 42] . Previous meta-analyses observed more than twofold increased prostate cancer risk in men who have a first-degree relative with prostate cancer [8, 43] . A family history of breast cancer has also been considered as a possible risk factor for prostate cancer [19, 26] . A family history of breast cancer has previously been associated with prostate cancer risk in a cohort study based on the Swedish Family-Cancer Database [21] . Similarly, a cohort study conducted by Barber et al. showed that men with first-degree relatives diagnosed with breast cancer are 21% more likely to develop prostate cancer than normal individuals and men with a family history of prostate and breast cancers are also at higher risk [19] . However, several studies found no association between family history of breast cancer and risk of prostate cancer. Thomas II et al. observed that a family history of breast cancer alone was not related to increased prostate cancer risk [24] . Bai et al. reported that risk of prostate cancer was not significantly related to family history of breast cancer in China [34] . Moreover, several studies have estimated the effect of family history of breast cancer in mothers only, sisters only, and daughters only with varying results. A prospective study on 37,002 US men in the Health Professionals Follow-up Study showed that a family history of breast cancer in mothers only and sisters only was significantly associated with increased prostate cancer risk [19] , and the results were consistent with those of two cohort studies [18, 26] . We also observed a positive association between history of breast cancer in daughters only and increased prostate cancer risk in cohort and case-control studies [23, 28] . However, other studies reported no significant association between prostate cancer risk and family history of breast cancer in mothers only, sisters only, and daughters only [24, 27] . This difference between studies may be due to the study design, sample size, nationalities, or study regions. Thus, more high-quality studies are needed to assess the associations.
In the subgroup meta-analyses based on the study region, a family history of female breast cancer in first-degree relatives was associated with prostate cancer risk in Europe, America, and Asia. A family history of breast cancer in mothers only and sisters only was associated with prostate cancer risk in America, while no significant association was found in Europe and Asia. A family history of breast cancer in daughters only was not associated with prostate cancer risk in Europe, America, and Asia. However, these results need to be interpreted with caution because the number of studies reported in Europe and Asia was relatively small; thus, more studies are warranted to further investigate the potential relationships between family history of female breast cancer and prostate cancer risk in Europe and Asia. In the subgroup meta-analyses based on the study design, a family history of breast cancer in first-degree relatives and sisters only was associated with prostate cancer risk in cohort and case-control studies. A family history of breast cancer in mothers only and daughters only was associated with prostate cancer risk in cohort studies, but not in casecontrol studies. It is considered that these negative associations were attributed to the limited number of studies included in the meta-analysis.
In our analysis, we observed that men with a family history of female breast cancer have a higher risk of prostate cancer, including lethal prostate cancer. The underlying mechanisms of the associations are still unclear. A common gene alteration may be responsible for the clustering of prostate and breast cancer. BRCA1 and BRCA2 gene mutations, confirmed to be linked to breast cancer in families [44, 45] , confer a 3.8-and 8.6-fold increased risk of developing prostate cancer, respectively [14, 15] . BRCA2 carriers are associated with poor prognosis and more aggressive form in prostate cancer [46, 47] . In addition to BRCA1 and BRCA2 genes, previous studies supported the contribution of other undetermined genetic factors to the aetiology and prognosis of prostate cancer in breast cancer-prone families [48] [49] [50] . Further studies are needed to explore the mechanism of the relationship between family history of female breast cancer and lethal prostate cancer risk and provide further data on the incidence and prognosis of prostate cancer in individuals with a family history of female breast cancer.
As the number of studies increased, we could perform multiple subgroup analyses to assess heterogeneity and publication bias. To our knowledge, our study was the first systematic literature review with a meta-analysis to evaluate the relationship between family history of female breast cancer and prostate cancer risk. The large sample size is another important strength of this study. The heterogeneity and publication bias in this meta-analysis are small. Moreover, we rigorously used the GRADE approach to assess quality of evidence for the main outcome. However, this study has several limitations. First, there were too few studies to draw a definitive conclusion for the risk of lethal prostate cancer in men with a family history of breast cancer. More prospective cohort studies that evaluate the incidence and prognosis of prostate cancer in men with a family history of female breast cancer are needed. Second, the results showed that the risk of prostate cancer was not significant in individuals with family history of female breast cancer in first-degree relatives diagnosed with breast cancer at the age of < 50 and ≥ 50 years. The results need to be interpreted with caution because only two studies reported these associations in these analyses. Finally, due to the lack of relevant information in the included studies, we did not estimate the risk of early-onset prostate cancer in men with a family history of female breast cancer.
Conclusions
Therefore, the results of this meta-analysis indicate that a family history of female breast cancer in first-degree relatives was associated with an increased risk of prostate cancer, including lethal prostate cancer. These findings reinforce the importance of family history of female breast cancer in prostate cancer risk, beyond the roles of family history of prostate cancer. Further detailed work is needed to better investigate the mechanism of these associations and assess the association between family history of female breast cancer and prostate cancer progression and prognosis. 
